The rotational spectrum of SiH3-S-SiH 3 in its vib-torsional ground state has been investigated in the frequency range between 8 and 40 GHz. From the absolute frequencies and torsional splittings a rigid-top-rigid-frame ro-structure could be derived. The molecular electric dipole moment was determined from the second order Stark effect of some AA-species rotational transitions. The analysis of the microwave spectrum of the related molecule SiH3-0 -SiH 3 was yet unsuccessful. However several features of the observed spectrum rend support to the idea of a "quasi-linear" double rotor molecule with a relatively low energy hump for the linear con figuration of the Si-O-Si-chain.
Introduction
Over the past years considerable effort has been put into the analysis of the microwave spectra of a group of "two top molecules" , having the general formula (CH3)2X with X = 0 [1], S [2] and Se [3] , From this work we have information on the structure, on the electric dipole moment, and on the barrier to internal rotation for these molecules. In the following we report the results of an inves tigation of the microwave spectra of the homologous silyl compounds (SiH3)20 and (S iH^S , which was started with the aim to provide experimental data as a basis for a discussion of the bonding situation and of the origin of the barrier to internal rotation.
Experimental
The spectra were recorded with a conventional Stark-modulated (33 kHz zero based square wave) microwave spectrometer equipped with a brass waveguide cell of 8 m length and an inner cross section of 1 by 5 cm. Phase stabilized backward wave oszillators were used as radiation sources. Under typical recording conditions sample pressures were about 10 mTorr at temperatures around -65 °C.
Disiloxane
A sample of (SiH3)20 was obtained from Dr. A. Almenningen (Oslo). Once admitted to the cell, its microwave spectrum did not change in the course of a day. It was recorded in the frequency range from 23 to 40 GHz. Within the frame of the standard rigid top-rigid frame model [4] and under the assumption of a S i-0 -Si bond angle of about 145° as suggested from the electron diffraction work [5] one would expect to find the lower J-lines of the strong l o i -^l i o , 2o2 -> 2 n , . . . 6 -type Q-branch to fall into this frequency range. One would further expect, that the rotational spectra of molecules in the AA-torsional ground state of the SiH3-torsion should approximately follow a rigid rotor pattern with a second order Stark-effect, requiring higher Stark fields (i.e. Estark on the order of 1000 V/cm) for full modulation. However the search for this Q-branch of the AA-species failed. Although a great number of strong absorption lines were observed in the recorded range, all of them were fully modulated at Stark fields as low as 50 V/cm with unresolved low intensity Stark patterns, which indicates, that they all were high J transitions. To our opinion this result gives some support to the idea of a quasilinear heavy atom chain with a comparatively low hump for the linear configuration, as was recently concluded from the Raman spectrum [6] . In such a molecule only vibration-rotation spectra would be allowed with selection rules A J = 0 , + 1 ; Zlv = + 1 , ZlZ = + 1 (v, I = quantum numbers for the bending vibration). With a vibrational energy gap of about 250 GHz [6] for (v n = 0, Zu = 0) -> (v n -1, I n = ± 1) (the index " 1 1 " denotes the S i-O-Si bending vibration), the above mentioned "Q-branch fre quencies" should be shifted approximately by this amount, which would explain the failure of our search. Although The second reaction turned out to be superior to the first, since it gave better yields and avoided the use of expensive iodine and poisonous mercury salts. Because (SiH3)2S readily reacts with water to form (SiH3)20 and H 2S, great care had to be taken, to remove traces o f water adsorbed at the walls of the waveguide cell. Despite these pre cautions, the sample slowly decayed in the cell and after about two hours its spectrum became obscurred by the much stronger lines o f the (SiH3)20 spectrum (compare Table 1 ). Among the many lines belonging to either the (SiH3)2S or (SiH3)20 spectra, there also appeared some other very strong, unidentified lines, which might belong to the SiH3SH molecule. To obtain the pure spectrum of (SiH3)2S the cell was refilled every hour.
The assignment of the spectrum was reported in a previous note [9] . In the following we present a refined analysis which includes centrifugal distortion effects. It is based on the effective rotational Hamiltonian given in Equation The symbols have the following m eaning:
Vi, 0\,V 2,02 = internal rotation quantum numbers. W^ai; -perturbation sums from perturba tion treatment within the torsional states [12] .
=: Stelman's denominator correction to the internal rotation perturbation sums [13] . Since at present our computer programs did not allow us to fit internal rotation parameters, rotational constants, and centrifugal distortion constants simultaneously, we did proceed as follows. First centrifugal distortion was neglected and initial values for the rotational constants, A, B, C and the internal rotation parameters F3, / a and 6 were fitted to the absolute frequencies and to the torsional splittings given in Table 4 were calculated and subtracted from the observed frequencies. The so corrected frequencies were then Table 2 . Effective rotational constants, centrifugal distortion constants, and correlation matrix for the AA-torsional substate of (SiHa^S. The quoted uncertainties (in bracketts) give one standard deviation as obtained in a least square fit. subjected to a standard centrifugal distortion treat ment. The result is given in Table 2 .
In the final step the centrifugal distortion con tributions obtained for the AA-species were also used for EA, EE and AE species. Since the rotational Eigenfunctions of Eq. (1) are essentially the Eigen functions of Hr with some species dependent mixing of the i£-doublet functions due to terms linear in 0> a (if present) and since the asymmetric top expectation values for .^a2 and ^a4 are essentially the same for the .^-doublets, this simplified treat ment is justified for Disilylsulfide, where the centrifugal distortion contributions due to dj and Rq are sufficiently small.
After subtraction of the centrifugal distortion corrections (column 2 in Table 4 ) from the fre- 0.010 The results are shown in Table 3 . Table 4 gives the observed frequencies together with the calculated values, which are calculated by the use of Eq. (la , b) from the centrifugal distortion constants of Table 2 and the rotational constants and internal rotation parameters of Table 3 .
The Molecular Electric Dipolemoment
The molecular Stark effect has been measured for the transition lio -> 22i and 2<>2 -> 3i 3 of the AA species. The value of the electric dipolemoment J fj,f, I = 0.896 ± 0.008 Debye was determined from a least squares fit to the observed Stark shifts listed in Table 5 . The rotational energy differences involved in the second order Stark energy calcula tion, were obtained using the effective rotational constants A a a , B aa and C a a of Table 2 . The spectrometer was calibrated using OCS with H = 0.71521 Debye as standard [14] . 
The ro-Structure of Disilyldisulfide
Under the assumption of C^v-symmetry for the SiH3 groups there are five independent structural parameters (see Figure 2) . These are the bond distances /-SSi and rSiH, the bond angles <£SiSSi and <£HSiH, and the angle between the internal rotation axes ((73-axes) of the two silyl tops.
In analogy to the situation encountered in Dimethylether and Dimethylsulfide C2v symmetry was also assumed for the most stable configuration Fig. 2 . ro-structure of Disilylsulfide as determined from a least squares fit to the rotational constants A q, Bo, Cq and internal rotation parameters 0 and I a listed in Table 3 . Cßv symmetry of the SiH3-groups about their internal rotation axis was assumed and allowance was made for a small tilt of the internal rotation axes with respect to the Si-S bonds. Also assumed is the doubly ecclipsed con figuration of the two tops. This configuration has been determined to be the equilibrium structure for (CHs^S.
w'hen drawing Figure 2 . Actually the orientation of the silyl tops i.e. the equilibrium values for the internal rotation angles ai and a2, remains undeter mined by the present wrork, but we plan to deter mine them uniquely by an investigation of the spectra of partially deuterated molecules. Taking the rotational constants A q, Bo, C0 and the internal rotation parameters 0 and / a we have also five experimentally determined constants, which allow us, to fit to them a full restructure as shown in Figure 2 . The agreement between the structural data as determined in the electron diffraction wrork [15] and the ones determined here is good. We note however, that there remain rather big discrepancies between the observed rotational constants and the values recalculated within a rigid rotor model from the above determined structural parameters (see Table 6 ). This is most striking for the C-rotational constant and appears to be typical for this class of molecules. Table 6 . Comparison of the rotational constants of (SiH3)2S as calculated from the ro-structure (see Fig. 2 
h /I 1 1 (2) If, on the other hand, the electric dipole moments of (CH3)2S (/ib= 1.551 D [2] ) and (SiH3)2S (//*,= 0.896 D) are compared, it is realized that, although the difference in the electronegativities of silicon and sulfur is bigger than the one of carbon and sulfur and although the bond distance r(S i-S) is bigger than r(C-S), the observed dipole moment is smaller for (SiH3)2S. This effect is observed in all comparisons between silyl-and their homologous methylcompounds (as e.g. ^(SiHsBr) = 1.318 D [17] , ^(CHaBr) = 1.797 D [18] ) and is generally explained by assuming pTr-drr bonding to be present in Silylcompounds. In the following we shall discuss the barrier to internal rotation. Since the barrier to internal rotation was not known for a Si-S bond so far, it is difficult to make any I f one uses the rotational constants of Table 3 to calculate 7a according to Eq. (2) one obtaines 7a = 5.64973(2) amu Ä 2, as compared to the directly determined value of 7a = 6.219(6) amu Ä2. In the light of this result, some older investigations which in their analysis of the torsional splittings relied on the validity of Eq. (2) should be reviewed critically. Although the deviations between observed and calculated rotational constants are apparently big, it has been found for (CH3)2S, that the differences between ro-and rs-bond distances are smaller than 0.01 Ä. We think that this holds for (SiH3)2S as well.
Discussion
At the end of this work we contentedly noted that the Hamiltonian of Eq. (1 ) gave a really good fit to the observed spectrum (see Table 4 comparisons. In a group of related molecules the relatively low value of the barrier observed here is noticeable. Fig. 3 . Energy level scheme for the torsional vibration of (SiH3)2S as determined from torsional splittings of ground state rotational transitions in the microwave spectrum. The levels are characterized by the vibrational quantum numbers (v\ , V2) of the two internal rotors and the sym metry species of the torsional wavefunction. For greater perspicuity the EA and AE levels are not included in this diagram. The torsional transition (0, 0) -> (0, 1) of (SiH3)2S, which has not been observed so far, should be found near 63 cm-1 in the IR-spectrum.
Using the experimental data given in Table 3 it becomes possible to construct the energy level diagram for the torsional vibration of (SiHß^S (see Figure 3) .
We are now able to predict the first torsional transitions to lie around 63 cm-1 ((0, 0) -> (0, 1))  and 112 cm-1 ((0, 0 ) -> (0, 2) 
